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(57) A technique for improving a ruggedness of a 
transistor or a diode against breakdown is provided. In 
a device of the present invention, a height of peripheral, 
doped trench-filling regions (25) is higher than that of 
buried, doped trench-filling regions (26) in an active re- 
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gion of the device, so that a withstanding voltage of the 
peripheral regions (25) is higher than that of the buried 
regions (26). Therefore, since avalanche breakdown oc- 
curs in an active region, causing an avalanche break- 
down current to flow through the active region having a 
large area, current concentration does not occur. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to semiconduc- 
tor devices, in particular to a transistor and a diode, each 
having a structure in which semiconductor crystal is epi- 
taxially grown. 

2. Description of the Related Art 

[0002] Fig. 32 is a sectional view of a conventional 
transistor 101, showing a cross section of a processed 
substrate taken along a plane across a source region 
described below and parallel to a surface of the sub- 
strate. Fig. 33(a) is a sectional view taken along the line 
X-X in Fig. 32, and Fig. 33(b) is a sectional view taken 
along the line Y-Y in Fig. 32. 

[0003] This transistor 101 is a trench type power 
MOSFET including a single crystal substrate 111 and a 
drain layer 1 1 2. The single crystal substrate 1 1 1 is made 
of silicon single crystal doped with an N + -type impurity 
at a high concentration. The drain layer 112 is made of 
an N- — type silicon epitaxial layer that is formed by epi- 
taxial growth on the single crystal substrate 111. The ref- 
erence numeral 110 denotes a processed substrate 
having the single crystal substrate 1 1 1 and the drain lay- 
er 112. 

[0004] The surface of the processed substrate 11 0 is 
etched so that rectangular ring-shaped hole is formed 
thereon. 

[0005] P-type base region 133 is formed on the sur- 
face of the processed substrate 1 1 0 inside the inner cir- 
cumference of the ring-shaped hole. In the vicinity of the 
surfaces within the base region 133, a plurality of P + - 
type ohmic regions 1 65, and N + -type source regions 1 66 
are respectively formed. 

[0006] At the position between the source regions 
166, the surface of the processed substrate 110 is 
etched strip shape to form narrow grooves. 
[0007] On the bottoms of the narrow grooves and the 
above-described ring-shaped hole, buried portions 
126a and 126b made of a semiconductor filler having 
an opposite conductivity type to that of the drain layer 
112 are respectively formed. An upper end of each of 
the buried portions 1 26a and 1 26b is situated below the 
boundary between the base region 133 and the drain 
layer 112. The formation of the buried portions 1 26a and 
126b make the depths of the narrow grooves and the 
ring-shaped hole shallow, respectively. 
[0008] A gate insulating film 1 57 is formed on the inner 
surface of each of the narrow grooves and the ring- 
shaped hole now having a shallow depth. The narrow 
grooves and the ring-shaped hole is filled with polysili- 
con while polysilicon is being insulated from the proc- 
essed substrate 110 by the gate insulating films 157. 



Gate electrode plugs 155a and 155b are formed by the 
thus filling polysilicon, respectively. 
[0009] The gate electrode plugs 155a and 155b are 
connected to each other through a gate electrode film 

5 made of a metal thin film not shown in the drawing. 
[0010] On the surfaces of the source regions 166 and 
the ohmic regions 165, a source electrode film 167 
made of a metal thin film is formed. Interlayer insulating 
films 163 are formed on the gate electrode plugs 155a 

10 and 1 55b. The interlayer insulating films 1 63 electrically 
insulate the source electrode film 1 67 and the gate elec- 
trode plugs 155a and 155b from each other. 
[0011] A plurality of rectangular ring-shaped guard 
ring portions 125 1 to 125 3 are provided in a region out- 

1* side the ring-shaped hole provided on the processed 
substrate 110. Each of the guard ring portions 125 1 to 
125 3 is formed by diffusion of a p-type impurity having 
an opposite conductivity type to that of the drain layer 
1 1 2 into the surface of the processed substrate 1 1 0. The 

20 guard ring portions 1 25^ to 1 25 3 are concentrically pro- 
vided. 

[0012] On the back surface of the processed sub- 
strate 110, i.e. on the surface of the single crystal sub- 
strate 111 , a drain electrode film 170 is formed. 

25 [0013] In the thus formed transistor 101 , the source 
electrode film 167 is connected to a ground potential 
while a positive voltage is applied to the drain electrode 
film 170. In such a state, a positive voltage equal to or 
higher than a threshold voltage is applied to each of the 

30 gate electrode plugs 1 55a and 1 55b, an n-type inversion 
layer is formed in a channel region (corresponding to an 
interface between the base region 133 and the gate in- 
sulating film 157). Then, the source regions 166 and the 
drain layer 1 1 2 are connected to each other through the 

35 inversion layer, so that a current is allowed to flow from 
the drain layer 1 12 to the source regions 1 66. In such a 
condition, the transistor 101 is in a conductive state. 
[0014] When the potential of each of the gate elec- 
trode plugs 155a and 155b is put at the same potential 

40 as a source potential in such a state, the inversion layer 
disappears so that current is not passed. In this condi- 
tion, the transistor 101 is in a cutoff state. 
[0015] In the state where the transistor 101 isinacut- 
off state and a large voltage is applied between the drain 

45 electrode film 1 70 and the source electrode film 1 67, PN 
junctions formed between the base regions 1 33 and the 
drain layer 1 1 2 are reverse biased, a depletion layer ex- 
panded into the p-type base regions 133 and the n-type 
drain layer 112. When edges of the expanded depletion 

50 layer are in contact with the buried portions 126a and 
126b placed below the respective gate electrode plugs 
155a and 155b and the respective guard ring-shaped 
portions 1 25 t to 1 25 3 , the base regions 1 33 and the bur- 
ied portions 1 26a and 126b are connected to each other 

55 through the depletion layer. At the same time, the base 
regions 133 and the guard ring-shaped portions 125 1 to 
125 3 are connected to each other through the depletion 
layer. In this manner, the potential of each of the buried 
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portions 1 26a and 1 26b and the guard ring-shaped por- 
tions 125! to 125 3 , which has been at a floating poten- 
tial, is stabilized. As a result, the depletion layer is also 
expanded into the drain layer 1 12 from each of the bur- 
ied portions 126a and 126b and the guard ring-shaped 5 
portions 125, to 125 3 . 

[0016] Each of the guard ring-shaped portions 125 1 
to 125 3 is formed by diffusion. Therefore, if each of the 
guard ring-shaped portions 125, to 125 3 is intended to 
be deeply formed so as to increase a withstanding volt- 10 
age, its width is also correspondingly increased. As a 
result, the area of an element is increased. 
[0017] On the other hand, if each of the guard ring- 
shaped portions 1 25, to 1 25 3 is formed shallowly, break- 
down occurs not at the PN junction between each of the 15 
buried portions 126a and 126b and the drain layer 112 
but at the PN junction between each of the guard ring- 
shaped portions 125, to 125 3 and the drain layer 112 
when a reverse bias at a high voltage is applied thereon. 
[0018] Since the area of the PN junction between 20 
each of the guard ring-shaped portions 125, to 125 3 and 
the drain layer 1 1 2 is smaller than that of the PN junction 
between each of the buried portions 1 26a and 1 26b and 
the drain layer 112, there arises a problem in that a 
breakdown current flowing through such a small area is 25 
likely to break down an element. 

SUMMARY OF THE INVENTION 

[0019] The present invention is directed to a solution 30 
to the above-described disadvantage associated with 
the conventional device, and it is an object of the inven- 
tion to provide a semiconductor device with a low resist- 
ance and high withstanding voltage. 
[0020] The present invention provides a transistor 35 
comprising a processed substrate including a drain lay- 
er of a first conductivity type provided on one face there- 
of, the processed substrate having a plurality of first 
deep holes provided on the drain layer side and a plu- 
rality of ring-shaped second deep holes provided so as 40 
to concentrically surround the plurality of first deep 
holes, a gate insulating film provided on at least a part 
of a side face of each of the first deep holes, gate elec- 
trode plugs provided in the first deep holes and being in 
contact with the gate insulating film, a base region of a 45 
second conductivity type, provided at a position in con- 
tact with the gate insulating film inside the drain layer, 
having a shallower bottom face than each of the first 
deep holes, and a source region of a first conductivity 
type provided at inner surface of the base region to be so 
contact with the gate insulating film, the source region 
not being in contact with the drain layer due to the base 
region, wherein when a voltage is applied to the gate 
electrode plugs to invert a conductivity type of a portion 
of the base region in contact with the gate insulating film ss 
into the first conductivity type so as to form an inversion 
layer, the source region and the drain layer positioned 
below a bottom face of the base region are connected 



to each other through the inversion layer, and filling re- 
gions of the second conductivity type are provided in the 
second deep holes. 

[0021] The present invention also provides the tran- 
sistor wherein an insulating film is provided on the proc- 
essed substrate, second shallow holes having a same 
planar shape as that of the second deep holes are pro- 
vided above the second deep holes in the insulatingfilm, 
and the filling regions are provided in the second deep 
holes and the second shallow holes. 
[0022] The present invention further provides the 
transistor wherein buried regions made of a semicon- 
ductor of the second conductivity type are provided in 
the first deep holes at positions below the gate electrode 
plugs while being insulated from the gate electrode 
plugs. 

[0023] The present invention is the transistor wherein 
a length of the filling regions in a depth direction is larger 
than a length of the buried regions in a depth direction. 
[0024] The present invention provides the transistor, 
wherein the semiconductor of the second conductivity 
type constituting the filling regions and the buried re- 
gions are formed at a same fabrication step. 
[0025] The present invention further provides the 
transistor, wherein a relay diffusion region formed by a 
diffusion region of the second conductivity type, being 
shallower than each of the filling regions, is provided be- 
tween the filling regions. 

[0026] The present invention is a transistor, wherein 
the second deep holes are formed by etching at the 
same etching step as the first deep holes. 
[0027] The present invention is a diode comprising a 
processed substrate including a low concentration layer 
of a first conductivity type formed on one face thereof, 
the processed substrate having a plurality of first deep 
holes provided on its low concentration layer side and 
a plurality of ring-shaped second deep holes provided 
so as to concentrically surround the plurality of first deep 
holes, first filling regions of a second conductivity type 
provided in the first deep holes, and a Schottky elec- 
trode provided in contact with the low concentration lay- 
er and the first filling regions, the Schottky electrode 
forming a Schottky junction with the low concentration 
layer while forming an ohmic junction with each of the 
first filling regions, wherein the second filling regions of 
the second conductivity type are provided in the second 
deep holes, and the Schottky electrode is not in contact 
with the second filling regions. 

[0028] The present invention further provides the di- 
ode comprising an insulating film including shallow 
holes above the second deep holes, wherein the second 
filling regions are provided in the second deep holes and 
the shallow holes. 

[0029] The present invention is the diode, wherein a 
relay diffusion region consisting of a diffusion region of 
the second conductivity type, being shallower than the 
first and second filling regions, and the relay diffusion 
layer is provided between the second filling regions. 
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[0030] The present invention is a method of manufac- 
turing a transistor including a processed substrate in- 
cluding a drain layer of a first conductivity type provided 
on one face thereof, the processed substrate having a 
plurality of first deep holes provided on drain layer side 5 
and a plurality of ring-shaped second deep holes pro- 
vided so as to concentrically surround the plurality of 
first deep holes; a gate insulating film provided on at 
least a part of a side face of each of the first deep holes; 
gate electrode plugs provided in the first deep holes and 10 
being in contact with the gate insulating film; a base re- 
gion of a second conductivity type, provided at a position 
in contact with the gate insulating film inside the drain 
layer, having a shallower bottom face than each of the 
first deep holes; and a source region of a first conduc- *5 
tivity type provided at inner surface of the base region 
to be contact with the gate insulating film, the source 
region not being in contact with the drain layer due to 
the base region, wherein, when a voltage is applied to 
the gate electrode plugs to invert a conductivity type of 20 
a portion of the base region in contact with the gate in- 
sulating film into the first conductivity type so as to form 
an inversion layer, the source region and the drain layer 
being positioned below a bottom face of the base region 
are connected to each other through the inversion layer, 25 
the method comprising the steps of partially diffusing an 
impurity of the second conductivity type from a surface 
of the drain layer of the first conductivity type so as to 
form the base region, forming an insulating film above 
the base region including a circumference portion of the 30 
base region, patterning the insulating film to provide first 
shallow holes above the base region and second shal- 
low holes at a circumferential position of the base re- 
gion, etching the base region and the drain layer on bot- 
tom faces of the first and second shallow holes using 3s 
the patterned insulating film as a mask so as to form the 
first and second deep holes being deeper than the base 
region, growing fillers made of a semiconductor of the 
second conductivity type in the first and second deep 
holes and the first and second shallow holes, removing 40 
the fillers in upper parts of the first deep holes and in the 
first shallow holes so that remaining parts of the fillers 
respectively form buried regions, each having an upper 
portion being positioned below the base region, and 
forming a gate insulating film on a side face of each of 45 
the first deep holes, the side face being positioned 
above the buried region. 

[0031] The present invention is the method of manu- 
facturing a transistor further comprising, forming relay 
diffusion layer having same depth as base region to be 50 
contact with the filling region by diffusing an impurity of 
second conductivity type at a region where the second 
deep holes will be formed, when the impurity consisting 
of base region is diffused. 

55 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] 

Fig. 1 is a sectional view of a transistor according 
to one embodiment of the present invention, show- 
ing a processed substrate taken along a plane 
across a source region and parallel to its surface; 
Fig. 2(a) is a sectional view taken along the line A-A 
in Fig. 1, and Fig. 2(b) is a sectional view taken 
along the line B-B is Fig. 1 ; 
Fig. 3(a) is a first sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 3(b) is a first sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1; 
Fig. 4(a) is a second sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 4(b) is a second sectional view for illustrating 
the manufacturing step of a portion corresponding 
to a cross section taken along the line B-B in Fig. 1 ; 
Fig. 5(a) is a third sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 5(b) is a third sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 6(a) is a 4th sectional view for illustrating.a man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line A-A in Fig. 1, and Fig. 
6(b) is a 4th sectional view for illustrating the man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line B-B in Fig. 1 ; 
Fig. 7(a) is a 5th sectional view for illustrating a man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line A-A in Fig. 1 , and Fig. 
7(b) is a 5th sectional view for illustrating the man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line B-B in Fig. 1; 
Fig. 8(a) is a 6th sectional view for illustrating a man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line A-A in Fig. 1, and Fig. 
8(b) is a 6th sectional view for illustrating the man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line B-B in Fig. 1; 
Fig. 9(a) is a 7th sectional view for illustrating a man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line A-A in Fig. 1 , and Fig. 
9(b) is a 7th sectional view for illustrating the man- 
ufacturing step of a portion corresponding to a cross 
section taken along the line B-B in Fig. 1 ; 
Fig. 10(a) is a 8th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 10(b) is a 8th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
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cross section taken along the line B-B in Fig. 1 ; . 
Fig. 11(a) is a 9th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 1 1 (b) is a 9th sectional view for illustrating the 5 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 1 2(a) is a 10th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 10 
Fig. 12(b) is a 10th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 13(a) is a 11th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 15 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 13(b) is a 11th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 14(a) is a 12th sectional view for illustrating a 20 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 14(b) is a 12th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 25 
Fig. 15(a) is a 13th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 15(b) is a 13th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 30 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 16(a) is a 14th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 1 6(b) is a 1 4th sectional view for illustrating the 35 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 17(a) is a 15th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 40 
Fig. 1 7(b) is a 1 5th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 18(a) is a 16th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 45 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 1 8(b) is a 1 6th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 1 9(a) is a 1 7th sectional view for illustrating a so 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 1 9(b) is a 1 7th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 55 
Fig. 20(a) is a 18th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 



Fig. 20(b) is a 18th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 21(a) is a 19th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 21 (b) is a 1 9th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. \\ 
Fig. 22(a) is a 20th sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 22(b) is a 20th sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1; 
Fig. 23(a) is a 21st sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 23(b) is a 21 st sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 24(a) is a 22nd sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 24(b) is a 22nd sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 25(a) is a 23rd sectional view for illustrating a 
manufacturing step of a portion corresponding to a 
cross section taken along the line A-A in Fig. 1 , and 
Fig. 25(b) is a 23rd sectional view for illustrating the 
manufacturing step of a portion corresponding to a 
cross section taken along the line B-B in Fig. 1 ; 
Fig. 26 is a first plan view showing a manufacturing 
step according to an embodiment of the present in- 
vention; 

Fig. 27 is a second plan view showing a manufac- 
turing step according to an embodiment of the 
present invention; 

Figs. 28(a) and 28(b) are sectional views, each il- 
lustrating a diffusion structure of an example of a 
PN junction type IGBT according to the present in- 
vention; 

Figs. 29(a) and 29(b) are sectional views, each il- 
lustrating a diffusion structure of an example of a 
Schottky junction type IGBT according to the 
present invention; 

Fig. 30 is a plan view for illustrating a diffusion struc- 
ture of an example of a diode according to the 
present invention; 

Figs. 31(a) and 31(b) are sectional views, each il- 
lustrating a diffusion structure of an example of a 
diode according to the present invention; 
Fig. 32 is a sectional view of a conventional transis- 
tor showing a substrate taken along a plane across 
a source region and parallel to its surface; and 
Fig. 33(a) is a sectional view taken along the line 
X-X in Fig. 32, and Fig. 33(b) is a sectional view 
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taken along the line Y-Y in Fig. 32. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

5 

[0033J Hereinafter, embodiments of the present in- 
vention will be described with reference to the accom- 
panying drawings. 

[0034] Fig. 1 is a sectional view of a transistor accord- 
ing to one embodiment of the present invention. This 10 
sectional view shows a processed substrate taken along 
a plane which is across a source region described below 
and Is parallel to a surface of the substrate. Fig. 2(a) is 
a sectional view taken along a line A-A in Fig. 1, and 
Fig. 2(b) is a sectional view taken along a line B-B in is 
Fig. 1 . The reference numeral 1 in Figs. 1 , 2(a), and 2 
(b) denotes a transistor according to one embodiment 
of the present invention. 

[0035] First, a manufacturing process of the transistor 
1 according to one embodiment of the present invention 20 
will be described. 

[0036] Figs. 3(a) to 25(a) are sectional views, each 
illustrating a manufacturing step of a portion corre- 
sponding to a cross section taken along the line A-A in 
Fig. 1 , whereas Figs. 3(b) to 25(b) are sectional views, 25 
each illustrating a manufacturing step of a portion cor- 
responding to a cross section taken along the line B-B 
in Fig. 1 . 

[0037] First, referring to Figs. 3(a) and 3(b), the refer- 
ence numeral 10 denotes a processed substrate on 30 
which a plurality of patterns of the transistor 1 are to be 
formed by employing the manufacturing process de- 
scribed below. The processed substrate 10 includes a 
single crystalline substrate 11 made of silicon single 
crystal and a drain layer 1 2. The drain layer 1 2 is formed 35 
of silicon epitaxially grown on the surface of the single- 
crystalline substrate 11 . The processed substrate 10 is 
an example of a semiconductor substrate used in the 
present invention. In this embodiment, n-type is de- 
scribed as a first conductivity type and p-type is de- 40 
scribed as a second conductivity type. The single crys- 
talline substrate 11 and the drain layer 12, each having 
a first conductivity type, are used in this embodiment. 
[0038] On the surface of the drain layer 12, a silicon 
oxide film 41 having a plurality of openings 80a and 80^ 45 
to 80b 3 is formed. 

[0039] Among these openings 80a and 80b 1 to 80b 3 , 
the opening 80a is a large opening having a rectangular 
planar shape, situated at the center of the processed 
substrate 1 0. The openings 80b 1 to 80b 3 are a plurality so 
of small openings placed at predetermined positions 
outside the large opening 80a. On the bottom of each 
of the openings 80a and 80^ to 80b 3 , the drain layer 
12 is exposed. 

[0040] When the surface of the processed substrate ss 
10 as described above is irradiated with an impurity of 
a second conductivity type such as boron, the impurity 
of the second conductivity type is injected into the inner 



surface of the drain layer 12 exposed on the bottom of 
each of the openings 80a and 80b! to 80b 3 with the sil- 
icon oxide film 41 serving as a mask. As a result, as 
shown in Figs. 4(a) and 4(b), injection layers 31 of the 
second conductivity type having the same plane shapes 
as those of the openings 80a and 80b., to 80b 3 are 
formed on the inner surface of the drain layer 12. 
[0041] Next, when a thermal oxidation treatment is 
performed, the impurity in the injection layer 31 of the 
second conductivity type is diffused to form diffusion re- 
gions of the second conductivity type. Among the diffu- 
sion regions of the second conductivity type, the refer- 
ence numeral 33 in Figs. 5(a) and 5(b) denotes a base 
region formed below the bottom face of the large open- 
ing 80a. The reference numeral 32 denotes inter- 
spersed regions of the second conductivity type, which 
are formed below the bottom faces of the small openings 
80b., to 80b 3 so as to be interspersed on the inner sur- 
face of the drain layer 12. 

[0042] The bottom faces of the base region 33 and 
the Interspersed regions 32 do not reach the single crys- 
talline substrate 1 1 , but are situated inside the drain lay- 
er 12. Therefore, the base region 33 and the inter- 
spersed regions 32 form PN junctions with the drain lay- 
er^. 

[0043] On the other hand, the surfaces of the base 
region 33 and the interspersed regions 32 are exposed 
on the surface of the processed substrate 1 0. By*a ther- 
mal oxidation treatment treated at the time of formation 
of the base region 33 and the interspersed regions 32, 
an insulating film 43 formed of a silicon oxide.:film is 
formed on the entire surface of the processed substrate 
10 including the surface of the base region 33 and the 
surfaces of the interspersed regions 32. 
[0044] Besides the thermal oxidation, this insulating 
film 43 may also be formed by CVD. Moreover, besides 
the silicon oxide film, the insulating film 43 may also be 
formed of a silicon nitride film. 

[0045] Next, the insulating film 43 is patterned. Fig. 
26 is a plan view for illustrating a planar shape of the 
insulating film 43 being patterned. Figs. 6(a) and 6(b) 
are sectional views taken along a line C-C and a line 
D-D in Fig. 26, respectively. 

[0046] Among shallow holes formed by patterning the 
insulating film 43, the reference numeral 81a in Figs. 6 
(a), 6(b), and Fig. 26 denotes a plurality of first shallow 
holes formed on a portion where the base region 33 is 
positioned. 

[0047] These first shallow holes 81 a, each having an 
oblong shape, are parallel to each other and provided 
at equal intervals so as to be positioned inside the edge 
of the base region 33. A length of each of the first shallow 
holes 81a is shorter than that of the base region 33. 
Therefore, the surface of the base region 33 is exposed 
on the bottom faces of the first shallow holes 81a. 
[0048] Moreover, the reference numeral 81b in Figs. 
6(a), 6(b), and Fig. 26 denotes a rectangular ring- 
shaped shallow hole 81 b positioned on the edge of the 
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base region 33. The edge portion of the base region 33 
is positioned below the bottom face of the ring-shaped 
shallow hole 81b. Thus, a portion of the PN junction 
formed by the interface between the base region 33 and 
the drain layer 12, which is positioned on the surface of 
the processed substrate 10, is situated on the bottom 
face of the ring-shaped shallow hole 81b. 
[0049] In other words, the surface of the base region 
33 is exposed through the ring-shaped shallow hole 81 b 
on its inner circumferential side, whereas the surface of 
the drain layer 12 is exposed through the ring-shape 
shallow hole 81b on its outer circumferential side. 
[0050] The reference numerals 82.| to 82 3 in Figs. 6 
(a), 6(b), and Fig. 26 denote a plurality of quadrangular 
ring-shaped second shallow holes which are concentri- 
cally provided so as to surround the first shallow holes 
81a and the ring-shaped shallow hole 81b. 
[0051] The second shallow holes 82 1 to 82 3 have the 
same width and are placed at equal intervals. The inter- 
spersed regions 32 are situated below the bottom faces 
of the second shallow holes 82 1 to 82 3 ; at least one in- 
terspersed region 32 is situated below the bottom face 
of one of the second shallow holes 82 1 to 82 3 . 
[0052] The interspersed regions 32 have such size 
that these interspaced regions 32 both outward and in- 
ward or inward protrude beyond the second shallow 
holes 82 1 to 82 3 . 

[0053] Next, a part of the processed substrate 10, 
which is exposed on the bottom faces of the first shallow 
holes 81a, the ring-shaped shallow hole 81b and the 
second shallow holes 82 1 to 82 3 , is etched for a prede- 
termined period of time, using the insulating film 43 as 
a mask. Then, as shown in Figs. 7(a) and 7(b), first deep 
holes 22a, a ring-shaped deep hole 22b, and second 
deep holes 23, to 23 3 are respectively formed below the 
bottom faces of the first shallow holes 81a, the ring- 
shaped shallow hole 81b, and the second shallow holes 
82 1 to 82 3 . 

[0054] Planar shapes of the first deep holes 22a, the 
ring-shaped deep hole 22b, and the second deep holes 
23., to 23 3 are the same as those of the first shallow 
holes 81a, the ring-shaped shallow hole 81b, and the 
second shallow holes 82 1 to 82 3 that form the above- 
described deep holes 22a, 22b, and 23, to 23 3 . 
[0055] Since width of the first shallow holes 81 a, width 
of the ring-shaped shallow hole 81b are same as the 
second shallow holes 82, to 82 3 , the deep holes 22a, 
22b, and 22, to 22 3 also have an equal width. 
[0056] Since the deep holes 22a, 22b, and 23 1 to 23 3 
are simultaneously formed at the same etching step, 
their depths are almost equal to each other. By adjusting 
the amount of etching time, the bottom face of each of 
the deep holes 22a, 22b, and 23, to 23 3 is formed deep- 
er than a diffusion depth of the base region 33 or the 
interspersed regions 32 so as to be present inside the 
drain layer 12. 

[0057] The outer circumferential region of the base re- 
gion 33 is scraped away by the ring-shaped deep hole 



22b. As a result, the base region 33 has a constant 
depth. Therefore, as the PN junction between the base 
region 33 and the drain layer 12, only a planar junction 
remains. 

s [0058] The second deep holes 23 1 to 23 3 scrape away 
the central portions or the outer circumferential portions 
of the interspersed regions 32. The remaining portion is 
denoted by the reference numeral 34 as a relay diffusion 
region. Then, for the second deep hole 23 3 which is sit- 
io uated at the outermost circumference of the second 
deep holes 23 1 to 23 3 , the relay diffusion region 34 is 
formed at the position being in contact with the inner 
circumference of the second deep hole 23 3 . For each of 
the other second deep holes 23 1 and 23 2 , the relay dif- 

*s fusion regions 34 are formed both at the position being 
in contact with its inner circumference and at the position 
being in contact with its outer circumference. 
[0059] In short, in this embodiment, the relay diffusion 
regions 34 are formed both on the inner circumference 

20 and on the outer circumference for each of the second 
deep holes 23 1 and 23 2 other than the deep hole situ- 
ated at the outermost circumference, whereas the relay 
diffusion region 34 is formed only at the position being 
in contact with the inner circumference for the second 

25 hole 23 3 situated at the outermost circumference. 
[0060] The relay diffusion regions 34 traversing the 
second deep holes 23 1 to 23 3 have widths that are eq ual 
to each other. Moreover, the relay diffusion regions 34 
situated between the second deep holes 23 1 to 23 3 are 

30 jn contact with any one of the adjacent second deep 
holes 23 1 to 23 3 , and therefore, do not get in contact 
with both of the adjacent second deep holes 23 1 to 23 3 . 
[0061 ] Next, the processed substrate 1 0 as described 
above is conveyed into a CVD apparatus where the 

35 processed substrate 1 0 is heated at a high temperature 
with the introduction of a material gas of silicon and an 
additive gas containing an impurity of the second con- 
ductivity type. Then, as shown in Figs. 8(a) and 8(b), 
fillers 24a, 24b, and 25, to 25 3 , each being made of sil- 

*o icon single crystal to which the impurity of the second 
conductivity type is added, begins to epitaxialiy grow on 
the bottom faces and the inner side faces of each of the 
deep holes 22a, 22b, and 23! to 23 3 . 
[0062] When the inside of each of the deep holes 22a, 

45 22b, and 23, to 23 3 is completely filled with each of the 
fillers 24a, 24b, and 25, to 25 3 so that its upper edge 
upward protrudes beyond the surface of the insulating 
film 43, the epitaxial growth is terminated. 
[0063] Herein, the bottom face and the side face of 

50 each of the fillers 24a, 24b, and 25, to 25 3 are respec- 
tively in contact with the bottom face and the inner side 
faces of each of the deep holes 22a, 22b, and 23, to 23 3 . 
[0064] Next, as shown in Figs. 9(a) and 9(b), the fillers 
24a, 24b, and 25, to 25 3 are etched so as to remove the 

55 parts situated above the surface of the insulating film 
43. Thereafter, as shown in Figs. 10(a) and 10(b), a 
mask oxide film 44 made of a silicon oxide film is formed 
on the surfaces of the insulating film 43 and the fillers 
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24a, 24b, and 25, to 25 3 . The mask oxide film 44 can 
be formed by CVD or thermal oxidation. 
[0065] Next, as shown in Figs. 11(a) and 11(b), the 
mask oxide film 44 is patterned so as to expose the sur- 
faces of the fillers 24a situated within the first shallow 
holes 81a and the first deep holes 22a and the surface 
of the filler 24b situated in the ring-shaped shallow hole 
81 b and the ring-shaped deep hole 22b. The reference 
numerals 83a and 83b denote openings for exposing the 
fillers 24a and 24b, respectively. The mask oxide film 44 
on the surface between the first shallow holes 81 a may 
also be removed so as to expose the insulating film 43. 
[0066] At this moment, the mask oxide film 44 is 
placed on the fillers 25 1 to 25 3 filling the second shallow 
holes 82^ to 82 3 and the second deep holes 23j to 23 3 . 
Thus, the upper parts of the fillers 25 1 to 25 3 are not 
exposed. 

[0067] When the fillers 24a and 24b are etched in this 
state, as shown in Figs. 12(a) and 12(b), portions of the 
fillers 24a and 24b situated within the first shallow holes 
8 1 a and the ring-shaped shallow hole 81 b and the upper 
portions of the fillers 24a and 24b within the first deep 
holes 22a and the ring-shaped deep hole 22b situated 
below the above-mentioned portions are removed so 
that the remaining portions of the fillers 24a and 24b 
form buried regions 26a and 26b on the bottom faces 
inside the first deep holes 22a and the ring-shaped deep 
hole 22b, respectively. The upper ends of these buried 
regions 26a and 26b are formed so as to have a depth 
deeper than the depth of the base region 33. 
[0068] On the other hand, the fillers 25 1 to 25 3 situat- 
ed in the second shallow holes 82 1 to 82 3 and in the 
second deep holes 23 1 to 23 3 are left unetched. As a 
result, the fillers 25., to 25 3 form filling regions. These 
filling regions are denoted by the same reference nu- 
merals 25 1 to 25 3 as those of the fillers. The second 
shallow holes 82 1 to 82 3 and the second deep holes 23^ 
to 23 3 and the filling regions 25 1 to 25 3 form guard rings. 
[0069] When the upper portions of the fillers 24a and 
24b are etched to form the buried regions 26a and 26b, 
the etched portions are left as holes. Therefore, assum- 
ing that the thus formed holes are referred to as gate 
holes 28a and 28b, the gate holes 28a and 28b are sit- 
uated at the upper parts of the first deep hole 22a and 
the ring-shaped deep hole 22b, respectively. The bot- 
tom faces of the gate holes 28a and 28b are constituted 
by the upper ends of the buried regions 26a and 26b, 
respectively. 

[0070] If the etching is uniformly proceeded, the gate 
holes 28a and 28b have the same depth. 
[0071] Next, after the mask oxide film 44 is etched 
away so as to expose the surfaces of the filling regions 
25 A to 25 3 , the filling regions 25 1 to 25 3 and their periph- 
eries are covered with a resist not shown. The insulating 
film 43 on the base region 33 is etched away using the 
resist as a mask to expose the surface of the base region 
33 as shown in Figs. 13(a) and 13(b). 
[0072] After the resist is removed, a thermal oxidation 



treatment is treated. As a result, as shown in Figs. 14 
(a) and 14(b), a thermal oxidation film 51 is formed on 
the inner side faces and the bottom faces of the respec- 
tive gate holes 28a and 28b, the surface of the proc- 
s essed substrate 1 0 and the surface of the insulating film 
43. 

[0073] Subsequently, polysilicon is deposited on the 
surface of the thermal oxide film 51 on the side of the 
processed substrate 10 where the openings of the re- 

10 spective gate holes 28a and 28b are situated. As a re- 
sult, as shown in Figs. 15(a) and 15(b), a polysilicon thin 
film 53 is formed on the thermal oxide film 51 on the 
surface of the processed substrate 1 0, while each of the 
gate holes 28a and 28b is filled with the polysilicon thin 

*5 film 53. 

[0074] In such a state, the polysilicon thin film 53 is 
etched by a predetermined amount to remove a part of 
the polysilicon thin film 53 situated on the thermal oxide 
film 51 on the surface of the processed substrate 1 0 and 

20 the upper end portion of the polysilicon thin film 53 within 
each of the gate holes 28a and 28b. Then, the portions 
of the polysilicon thin film 53 in the gate holes 28a and 
28b are separated from each other. As a result, each of 
the gate holes 28a and 28b is filled with the remaining 

25 portion of the polysilicon thin film 53 as shown in Figs. 
16(a) and 16(b). A rectangular gate electrode plug 55a 
made of the remaining portion of the polysilicon thin film 
53, having a rectangular planar shape, is formed.within 
each of the rectangular gate holes 28a. Along with the 

30 formation of the gate electrode plugs 55a, a ring-shaped 
electrode plug 55b made of the remaining portiorrof the 
polysilicon thin film 53 is formed in the ring-shaped gate 
hole 28b. ' ;< 

[0075] Subsequently, the thermal oxide film 51 ;on the 

35 surface of the base region 33 and on the surface of the 
thermal oxide film 43 is etched away to expose the upper 
end of the filler 25 and the surface of the insulating film 
43 as shown in Fig. 17(b). Simultaneously, the surface 
of the base region 33 is exposed as shown in Fig. 1 7(a), 

40 thereby leaving the silicon oxide film 51 only in the rec- 
tangular gate holes 28a and the ring-shaped gate hole 
28b surrounding the gate holes 28a. The remaining 
parts of the thermal oxide film 51 in the rectangular gate 
holes 28a and the ring-shaped gate hole 28b are denot- 

45 ed as gate insulating films 57a and 57b. The rectangular 
gate electrode plugs 55a and the ring-shaped gate elec- 
trode plug 55b are insulated from the buried regions 26a 
and 26b and also insulated from the base region 33 by 
the gate insulating films 57a and 57b. 

50 [0076] Next, the processed substrate 1 0 is subjected 
to a thermal oxide treatment to form an underlayer oxide 
film 58 formed of a silicon oxide film on the surfaces of 
the base region 33, the gate electrode plugs 55a and 
55b, the thermal oxide film 43, and the fillers 25 as 

55 shown in Figs. 18(a) and 18(b). 

[0077] Subsequently, as shown in a plan view of Fig. 
27, a resist film 91 having a quadrangular ring-shaped 
planar shape and a plurality of oblong resist films 95 in 
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a rectangular shape positioned inside the resist film 91 
are formed on the surface of the underlayer oxide film 
58. 

[0078] The ring-shaped gate electrode plug 55b is 
covered with the quadrangular ring-shaped resist film 
91. Specifically, the edge of the inner circumference of 
the quadrangular ring-shaped resistfilm 91 is positioned 
inside the edge of the inner circumference of the ring- 
shaped gate electrode plug 55b by a predetermined dis- 
tance. 

[0079] Moreover, each of the rectangular gate elec- 
trode plugs 55a is covered with each of the oblong resist 
films 95. 

[0080] As an underlayer of the underlayer oxide film 
58, which is exposed between the quadrangular ring- 
shaped resist film 91 and the oblong resist films 95, the 
base region 33 is positioned. When the underlayer oxide 
film 58 is irradiated with boron using the quadrangular 
ring-shaped resist film 91 and the oblong resist films 95 
as masks, boron is injected below the underlayer oxide 
film 58 exposed between the resist films 91 and 95, that 
is, into the inner surface of the base region 33. As a re- 
sult, high-concentration injected regions 60 of the sec- 
ond conductivity type are formed. This state is shown in 
Figs. 1 9(a) and 1 9(b). Figs. 1 9(a) and 1 9(b) correspond 
to a sectional view taken along the line E-E and a sec- 
tional view taken along the line F-F in Fig. 27, respec- 
tively. 

[0081] Next, the resist films 91 and 95 are removed 
so as to form a patterned resist film 92 on the surface 
of the underlayer oxide film 58. The resist film 92 has 
openings 86. On the bottom face of each of the openings 
86, the underlayer oxide film 58 is exposed. Below the 
exposed underlayer oxide film 58, the base region 33 
between the gate insulating films 57a and 57b and the 
high-concentration injected regions 60 of the second 
conductivity type is situated. When the surface of the 
processed substrate 10 is irradiated with arsenic using 
the resist film 92 as a mask, injected regions 61 of the 
first conductivity type having the same planar shape as 
that of the openings 86 are formed inner surface of the 
base region 33 positioned on the bottom faces of the 
openings 86. This state is shown in Figs. 20(a) and 20 
(b). 

[0082] Next, the resist film 92 is removed. Then, a 
PSG film 63 is formed on the surface of the underlayer 
oxide film 58 as shown in Figs. 21 (a) and 21 (b). 
[0083] Next, when a thermal treatment is treated, the 
high-concentration injected regions 60 of the second 
conductivity type and the injected regions 61 of the first 
conductivity type are diffused by heat to form ohmic re- 
gions 65 of the second conductivity type and source re- 
gions 66 of the first conductivity type, respectively, as 
shown in Figs. 22(a) and 22 (b) . 
[0084] Subsequently, as shown in Figs. 23(a) and 23 
(b), the PSG film 63 and the underlayer oxide film 58 
are patterned so as to expose a part of the source region 
66 and the ohmic region 65. 



[0085] Next, after formation of a metal film made of 
aluminum or the like on the entire surface, the metal film 
is patterned so as to form a source electrode film 67 as 
shown in Figs. 24(a) and 24(b). The source electrode 
5 film 67 is formed in a rectangular shape and has the 
edge situated on the ring-shaped gate electrode plug 
55b. 

[0086] Thereafter, on the surface of the processed 
substrate 10, which is opposite to the face where the 

io source electrode film 67 is formed as shown in Figs. 25 
(a) and 25(b), a metal film made of, for example, chro- 
mium is formed as a drain electrode film 70. Through 
the above-described steps, the transistor 1 as shown in 
Figs. 1 , 2(a), and 2(b) according to one embodiment of 

1 $ the present invention is completed. 

[0087] In the thus formed transistor 1 , the lower ends 
of the buried regions 26a and 26b are situated at the 
same height as the lower ends of the filling regions 25, 
to 25 3 . However, the upper ends of the filling regions 

20 25., to 25 3 are positioned higher than the upper end of 
buried regions 26a and 26b. For the buried regions 26a, 
26b and filling regions 25 1 to 25 3 , to compare the area 
in contact with the drain layer where the depletion layer 
is expended, the area for each of the filling regions 25 1 

25 to 25 3 is larger than the area for each of the buried re- 
gions 26a and 26b. 

[0088] Moreover, the upper portions of the filling re- 
gions 25 1 to 25 3 are situated within the second shallow 
holes 82 1 to 82 3 formed through the insulating film 43. 

30 Therefore, as compared with the case where the upper 
ends of the filling regions 25 1 to 25 3 have the same 
height as that of the surface of the processed substrate 
10, the amount of the filling regions 25 1 to 25 3 is in- 
creased by a volume of a part situated within each of 

35 the second shallow holes 82, to 82 3 . A withstanding 
voltage becomes higher as compared with the case 
where the upper edges of the filling regions 25 1 to 25 3 
have the same height as that of the surface of the sub- 
strate 10 because the depletion layer is also expanded 

40 into the filling regions 25 1 to 25 3 positioned within the 
second shallow holes 82 1 to 82 3 . 
[0089] In such a transistor 1 , when a positive voltage 
equal to or larger than a threshold voltage is applied to 
the gate electrode plugs 55a and 55b in the state where 

4 5 both the source electrode film 67 and the base region 
33 are connected to a ground potential while a positive 
voltage is being applied to the drain electrode film 70, 
an inversion layer of the first conductivity type is formed 
in a channel region (an interface between the base re- 

50 gjon 33 and the gate insulating film 57). Then, the source 
regions 66 and the drain layer 1 2 are connected to each 
other through the inversion layer, so that a current is al- 
lowed to flow from the drain layer 12 to the source re- 
gions 66. In this condition, the transistor 1 is in a con- 

55 ductive state. 

[0090] The potential of each of the gate electrode 
plugs 55a and 55b is set at the same potential as the 
source regions 66 in such a condition, the inversion lay- 
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er disappears so that a current is not passed. In this con- 
dition, the transistor 1 is in a cutoff state, 
[0091] When the transistor 1 is in a cutoff state and 
the PN junctions formed by the base regions 33 and the 
drain layer 12 are reverse biased, a depletion layer is 
expanded into the base regions 33 of the second con- 
ductivity type and the drain layer 1 2 of the first conduc- 
tivity type. Since the base regions 33 have a higher con- 
centration than the drain layer 12, the depletion layer is 
mainly expanded into the drain layer 12. 
[0092] When the depletion layer is downward expand- 
ed from the PN junctions between the base regions 33 
and the drain layer 12 to reach the buried regions 26a 
and 26b, the depletion layer is further expanded into the 
buried regions 26a and 26b. 

[0093] When the depletion layer reaches the buried 
regions 26a and 26b, the potential of the buried regions 
26a and 26b becomes constant. As a result, the deple- 
tion layer begins to expand from the buried regions 26a 
and 26b toward the drain layer 12. When the depletion 
layers expanding from the adjacent buried regions 26a 
and 26b toward the drain layer 12 get in contact with 
each other, the buried regions 26a and 26b and the drain 
layer 12 between buried regions 26a and 26b are en- 
tirely depleted. 

[0094] On the other hand, when the horizontally ex- 
panded depletion layer reaches the filling regions 25., to 
25 3 , the depletion layer is also expanded into the filling 
regions 25! to 25 3 . The depletion layer is further ex- 
panded from the filling regions 25, to 25 3 into the drain 
layer 12. 

[0095] The drain layer 1 2 between the adjacent filling 
regions 26, to 25 3 and the drain layer between the filling 
region 25, at the innermost circumference and the bur- 
ied region 26b in the ring-shaped groove is also deplet- 
ed. 

[0096] If a voltage higher than this situation is applied, 
the depletion layer is further expanded in a downward 
direction from the buried regions 26a and 26b and the 
filling regions 25, to 25 3 . 

[0097] As described above, the area of a portion in 
contact with the drain layer 12 is larger for each of the 
filling regions 25, to 25 3 than for each of the buried re- 
gions 26a and 26b. When the base region 33 including 
the vicinity area assume an active region and each of 
the filling regions 25, to 25 3 assume withstanding volt- 
age region, an avalanche withstanding voltage of the 
withstanding voltage region is higher than an avalanche 
withstanding voltage of the active region. 
[0098] Thus, avalanche breakdown occurs earlier in 
the active region than in the portion where each of the 
filling regions 25, to 25 3 is provided. At this moment, a 
current is allowed to flow not through the portion where 
each of the filling regions 2 5, to 25 3 is provided, but 
through the active region. However, current concentra- 
tion does not occur because a current path is fixed in 
the active region. Accordingly, an element is unlikely to 
be broken down due to the current concentration. 



[0099] In this embodiment, the relay diffusion region 
34 made of a shallow impurity diffusion layer of second 
conductivity type is provided inside the inner circumfer- 
ence of the ring of each of the filling regions 25 t to 26 3 
5 and outside of outer circumference of the ring of each 
of the filling regions 25., to 25 2 . Herein, each relay diffu- 
sion region 34 is placed so as to be in direct contact with 
the inner circumference of the ring of each of the filling 
regions 25., to 25 3 and the outer circumference of the 
10 ring of each of the filling regions 25., to 25 2 . 

[01 00] A width of the epitaxial layer 1 2 interposed be- 
tween the adjacent filling regions 25, to 25 3 is shorter 
in a portion where the relay diffusion region 34 is pro- 
vided than in a portion where the relay diffusion region 
15 34 is not provided. If the depletion layer is expanded 
from each of the filling regions 25., to 25 3 , a portion 
where the width of the drain layer 1 2 is shorter is deplet- 
ed earlier than a portion where the width of the drain 
layer is longer. Therefore, the portions where the relay 
20 diffusion regions 34 are provided are depleted at a volt- 
age lower than a voltage at which the portion where the 
relay diffusion region 34 is absent is depleted. There- 
fore, the potential state of the filling regions 25, to 25 3 
which have been in a floating potential state can be 
25 quickly stabilized. Although these relay diffusion regions 
34 are partially positioned at the inner circumferences 
and outer circumferences of the rings, the relay diffusion 
regions 34 may also be provided on the entire inner cir- 
cumferences or outer circumferences of the rings. Alter- 
so natively, the relay diffusion regions 34 may be omitted. 
[0101] Moreover, although a MOSFET is constituted 
as a transistor in the above-described embodiment, a 
transistor of the present invention is not limited thereto. 
For example, an IGBT (Insulated Gate Bipolar Transis- 
35 tor), which can be obtained by forming a drain layer of 
the first conductivity type on semiconductor of the sec- 
ond conductivity type, may alternatively be constituted 
as a transistor of the present invention. 
[0102] The IGBT type transistors can be classified in- 
<*o to two types; a PN junction IGBT type transistor and a 
Schottky junction IGBT type transistor. 
[0103] The reference numeral 2 in Figs. 28(a) and 28 
(b) denotes a PN junction IGBT type transistor accord- 
ing to the present invention, 
45 [01 04] This transistor 2 has the same structure as that 
of the transistor 1 of the above-described embodiment 
except that the drain layer 12 is placed on a collector 
layer 11' of the second conductivity type which is oppo- 
site to the conductivity type of the drain layer 12. 
50 [0105] The collector 1 1 1 forms a PN junction with the 
drain layer 12. When the transistor 2 is brought into a 
conductive state, the PN junction is forward biased, so 
that minority carriers are injected into the drain layer 12 
from the collector layer 11 ' to lower a conductive resist- 
55 ance. 

[0106] The reference numeral 72 in Figs. 28(a) and 
28(b) denotes a collector electrode film that forms an 
ohmic junction with the collector layer 11'. 
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[0107] Next, the reference numeral 3 in Figs. 29(a) 
and 29(b) denotes a Schottky junction IGBT type tran- 
sistor according to the present invention. The reference 
numeral 1 2 X denotes a low concentration layer of the first 
conductivity type. 5 
[0108] In this transistor 3, the back face of the proc- 
essed substrate 10 is abraded to expose the surface of 
the low concentration layer 12'. A Schottky electrode 
film 73 is formed on the exposed surface of the low con- 
centration layer 12' . w 
[0109] A portion of the Schottky electrode film 73 in 
contact with the low concentration layer 12' is made of 
chromium or the like. A Schottky junction is formed be- 
tween the low concentration layer 12* and the Schottky 
electrode film 73. 15 
[01 1 0] The polarity of the Schottky junction is forward 
biased when the transistor 3 is brought into a conductive 
state. The Schottky junction is forward biased, so that 
minority carriers are injected into the low concentration 
layer 1 2' from the Schottky electrode film 73 to lower a 20 
conductive resistance. 

[01 1 1] Next, Fig. 30 is a plan view showing a diffusion 
structure of an example of a diode 4 according to the 
present invention. 

[0112] In this diode 4, a plurality of first deep holes 25 
22a and a plurality of ring-shaped second deep holes 
23 1 to 23 4 concentrically surrounding the first deep 
holes 22a are formed in the first low concentration layer 
13 of the first conductivity type. 

[0113] Fig. 31(a) is a sectional view taken along the 30 
line G-G in Fig. 30, and Fig. 31(b) is a sectional view 
taken along the line H-H in Fig. 30. 
[01 14] In the first and second deep holes 22a and 23 1 
to 23 4 , first and second filling regions 24a and 25 1 to 25 4 
of the second conductivity type, which are made of sili- 35 
con single crystal formed by epitaxial growth, are 
placed. 

[0115] The upper portions of the first filling regions 
24a have the same height as that of the low concentra- 
tion layer 13. A Schottky electrode film 75 is formed on 40 
the surface of the low concentration layer 13 exposed 
between the first filling regions 24a and on the surfaces 
of the first filling regions 24a. 

[01 1 6] At least a part of the Schottky electrode film 75 
in contact with the low concentration layer 13 and the 45 
first filling regions 24a is a material of which forming a 
Schottky junction with the low concentration layer 13 
while forming ohmic junctions with the first filling regions 
24a. 

[0117] In a region surrounding the regions where the so 
first deep holes 22a are situated, an insulating film 43 
having shallow holes 82 1 to 82 4 above the second deep 
holes 23! to 23 4 is placed. 

[0118] The second filling regions 25 1 to 25 4 are also 
formed within the shallow holes 82., to 82 4 so that the 55 
upper portions of the second filling regions 25, to 25 4 
have the same height as that of the insulating film 43. 
[0119] The low concentration layer 13 is formed on 



one face of the single crystalline substrate 1 1 of the first 
conductivity type by epitaxial growth. On the opposite 
face of the single crystalline substrate 11, a back face 
electrode 76 forming an ohmic junction with the single 
crystalline substrate 11 is formed. 
[0120] Each of the second filling regions 25., to 25 4 
has a ring shape. The relay diffusion region 34 of the 
second conductivity type is placed only on the inner cir- 
cumferential side or on both the inner circumferential 
side and the outer circumferential side of each of the 
second filling regions 25, to 25 4 . Herein, each of the re- 
lay diffusion regions 34 has a ring shape. Each of the 
relay diffusion regions 34 situated between the second 
filling regions 25 1 to 25 4 is in contact with any one of the 
adjacent second filling regions 25., to 25 4 and is not in 
contact with both adjacent second filling regions 25, to 
25 4 . 

[0121] The Schottky electrode film 75 is not in contact 
with the second filling regions 25, to 25 4 . Therefore, the 
second filling regions 25, to 25 4 are electrically separat- 
ed from each other. 

[0122] The reference numeral 63 in Fig. 31 (b) is a pro- 
tection film made of an insulating film such as a silicon 
oxide film. The upper portions of the second filling re- 
gions 25 1 to 25 4 are covered with the protection film 63. 
[0123] The Schottky junction between the low con- 
centration layer 13 and the Schottky electrode film 75 
has such a polarity that is forward biased when a posi- 
tive voltage is applied using the Schottky electrode film 
75 as an anode electrode and a negative voltage is ap- 
plied using the back face electrode 76 as a cathode elec- 
trode. A voltage which allows the Schottky junction to 
be forward biased also allows the PN junction formed 
between the first filling region 24a and the low concen- 
tration layer 13 to be forward biased. 
[0124] However, a voltage that forward biases the PN 
junction to allow a current to flow thereacross is larger 
than a voltage that forward biases the Schottky junction 
to allow a current to flow thereacross. Therefore, a cur- 
rentflows only across the Schottky junction between the 
Schottky electrode film 75 and the back face electrode 
76. 

[01 25] On the contrary, when a negative voltage is ap- 
plied to the Schottky electrode film 75 while a positive 
voltage is applied to the back face electrode 76, the 
Schottky junction and the PN junction are both reverse 
biased so that a current is not passed. 
[0126] In this state, the depletion layer is expanded 
into the low concentration layer 13 from the Schottky 
junction between the Schottky electrode film 75 and the 
low concentration layer 13 and the PN junctions be- 
tween the first filling regions 24a and the low concentra- 
tion layer 13. 

[0127] When the depletion layer reaches the second 
filling regions 25., to 25 4 or the relay diffusion regions 
34, the depletion layer is further expanded outward from 
the second filling regions 25, to 25 4 or from the relay 
diffusion regions 34. 
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[0128] Herein, similarly to the above-described tran- 
sistors 1 to 3, the second filling regions 25-, to 25 4 also 
fill the shallow holes to 82 4 formed in the insulating 
layer 43 in the diode 4 according to the present inven- 
tion. Since the depletion layer is expanded into the sec- 5 
ond filling regions 25 1 to 25 4 filling the shallow holes 82 1 
to 82 4 , a withstanding voltage of the peripheral area of 
the first filling region 24a is higher than that of the first 
filling region 24a. As a result, higher reliability is provid- 
ed. 10 
[0129] In this diode 4, the Schottky electrode film 75 
serves as an anode electrode, whereas the back face 
electrode 76 serves as a cathode electrode. However, 
the diode according to the present invention includes the 
case where the Schottky electrode film 75 serves as a *5 
cathode electrode, whereas the back face electrode 76 
serves as an anode electrode. 

[0130] Furthermore, in the above-described transis- 
tors 1 to 3 and diode 4, the first conductivity type is n- 
type and the second conductivity type is p-type. On the 20 
contrary, the present invention includes a transistor or 
a diode, having a p-type as a first conductivity type and 
an n-type as a second conductivity type. 
[01 31] Moreover, semiconductor of the present inven- 
tion is not limited to silicon; other semiconductor such 25 
as Ge or compound semiconductor such as GaAs is al- 
so included in the semiconductor of the present inven- 
tion. 

[01 32] A transistor, in which a withstanding voltage of 
a guard ring is higher than that of an active region, can 30 
be obtained by the present invention. 

Claims 

35 

1 . A transistor comprising: 

a processed substrate including a drain layer 
of a first conductivity type provided on one face 
thereof, the processed substrate having a plu- 40 
rality of first deep holes provided on the drain 
layer side and a plurality of ring-shaped second 
deep holes provided so as to concentrically sur- 
round the plurality of first deep holes; 
a gate insulating film provided on at least a part 45 
of a side face of each of the first deep holes; 
gate electrode plugs provided in the first deep 
holes and being in contact with the gate insu- 
lating film; 

a base region of a second conductivity type, so 
provided at a position in contact with the gate 
insulating film inside the drain layer, having a 
shallower bottom face than each of the first 
deep holes; and 

a source region of a first conductivity type pro- 55 
vided at inner surface of the base region to be . 
contact with the gate insulating film, the source 
region not being in contact with the drain layer 



due to the base region, 

wherein, when a voltage is applied to the gate 
electrode plugs to invert a conductivity type of a por- 
tion of the base region in contact with the gate in- 
sulating film into the first conductivity type so as to 
form an inversion layer, the source region and the 
drain layer positioned below a bottom face of the 
base region are connected to each other through 
the inversion layer; and 

filling regions of the second conductivity type 
are provided in the second deep holes. 

2. The transistor according to claim 1 , wherein 

an insulating film is provided on the proc- 
essed, substrate; 

second shallow holes having a same planar 
shape as that of the second deep holes are provid- 
ed above the second deep holes in the insulating 
film; and 

the filling regions are provided in the second 
deep holes and the second shallow holes. 

3. The transistor according to claim 1 , wherein 

buried regions made of a semiconductor of 
the second conductivity type are provided in the first 
deep holes at positions below the gate electrode 
plugs while being insulated from the gate electrode 
plugs. 

4. The transistor according to claim 3, whereim 

a length of the filling regions in a depth direc- 
tion is larger than a length of the buried regions in 
a depth direction. 

5. The transistor according to claim 3, wherein 

the semiconductor of the second conductivity 
type constituting the filling regions and the buried 
regions are formed at a same fabrication step. 

6. The transistor according to claim 1 , wherein 

a relay diffusion region formed by a diffusion 
region of the second conductivity type, being shal- 
lower than each of the filling regions, is provided be- 
tween the filling regions. 

7. The transistor according to claim 1 , wherein 

the second deep holes are formed by etching 
at the same etching step as the first deep holes. 

8. A diode comprising: 

a processed substrate including a low concen- 
tration layer of a first conductivity type formed 
on one face thereof, the processed substrate 
having a plurality of first deep holes provided 
on its low concentration layer side and a plural- 
ity of ring-shaped second deep holes provided 
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so as to concentrically surround the plurality of 
first deep holes; 

first filling regions of a second conductivity type 
provided in the first deep holes; and 
a Schottky electrode provided in contact with 5 
the low concentration layer and the first filling 
regions, the Schottky electrode forming a 
Schottky junction with the low concentration 
layer while forming an ohmic junction with each 
of the first filling regions, 10 

wherein the second filling regions of the sec- 
ond conductivity type are provided in the second 
deep holes, and 

the Schottky electrode is not in contact with is 
the second filling regions. 



partially diffusing an impurity from a surface of 
the drain layer of the first conductivity type so 
as to form the base region; 
forming an insulating film above the base re- 
gion including a circumference portion of the 
base region; 

patterning the insulating film to provide first 
shallow holes above the base region and sec- 
ond shallow holes at a circumferential position 
of the base region; 

etching the base region and the drain layer on 
bottom faces of the first and second shallow 
holes using the patterned insulating film as a 
mask so as to form the first and second deep 
holes being deeper than the base region; 
growing fillers made of a semiconductor of the 
second conductivity type in the first and second 
deep holes and the first and second shallow 
holes; 

removing the fillers in upper parts of the first 
deep holes and in the first shallow holes so that 
remaining parts of the fillers respectively form 
buried regions, each having an upper portion 
being positioned below the base region; and 
forming a gate insulating film on a side face of 
each of the first deep holes, the side face being 
positioned above the buried region. 



9. The diode according to claim 8, comprising an in- 
sulating film including shallow holes above the sec- 
ond deep holes, wherein the second filling regions 20 
are provided in the second deep holes and the shal- 
low holes. 

10. The diode according to claim 8, wherein 

a relay diffusion region consisting of a diffu- 25 
sion region of the second conductivity type, being 
shallower than the first and second filling regions, 
is provided between the second filling regions. 

11 . A method of manufacturing a transistor including: a 30 
processed substrate including a drain layer of a first 
conductivity type provided on one face thereof, the 
processed substrate having a plurality of first deep 
holes provided on drain layer side and a plurality of 
ring-shaped second deep holes provided so as to 35 
concentrically surround the plurality of first deep 
holes: a gate insulating film provided on at least a 
part of a side face of each of the first deep holes; 
gate electrode plugs provided in the first deep holes 
and being in contact with the gate insulating film; a 40 
base region of a second conductivity type, provided 

at a position in contact with the gate insulating film 
inside the drain layer, having a shallower bottom 
face than each of the first deep holes; and a source 
region of a first conductivity type provided at inner 45 
surface of the base region to be contact with the 
gate insulating film, the source region not being in 
contact with the drain layer due to the base region, 
wherein, when a voltage is applied to the gate elec- 
trode plugs to invert a conductivity type of a portion so 
of the base region in contact with the gate insulating 
film into the first conductivity type so as to form an 
inversion layer, the source region and the drain lay- 
er being positioned below a bottom face of the base 
region are connected to each other through the in- 55 
version layer, 

the method comprising the steps of: 



12. The method of manufacturing a transistor according 
to claim 11 further comprising; 

forming relay diffusion layer having same 
depth as base region to be contact with the filling 
region by diffusing an impurity of second conductiv- 
ity type at a region where the second deep holes 
will be formed, when the impurity consisting of base 
region is diffused. 
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Fig. 3 a 
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Fig. 6a 
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